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FOREWORD 
The major c o n t r i b u t o r s  to  t h i s  development 
program are Mr. R .  Engdahl, P r o j e c t  Manager, 
Y r .  Anthony Cassano, Yr. David Mends and Yr. 
P h i l i p  Tubman. 
ABSTRACT 
Con t inu ing  development of a p r e s s u r e  t r a n s d u c e r  s y s t e m  
f o r  l i q u i d  m e t a l  a p p l i c a t i o n s  is d e s c r i b e d .  During t h e  
r e p o r t  p e r i o d ,  emphasis  w a s  p l a c e d  upon f a b r i c a t i o n  o f  
a n  e x p e r i m e n t a l  t r a n s d u c e r  i n c o r p o r a t i n g  a t h e r m i o n i c  
d i o d e  s e n s o r .  Problems encoun te red  i n  f a b r i c a t i n g  t h e  
t r a n s d u c e r  a re  o u t l i n e d  a long  w i t h  t h e  a n t i c i p a t e d  
s o l u t i o n s .  A po ta s s ium c o m p a t i b i l i t y  tes t  f a c i l i t y  h a s  
been c o n s t r u c t e d  and checked o u t .  A comple te  set of 
s i n g l e  c o n v o l u t i o n  p r e s s u r e  c a p s u l e s  and e lec t r ica l  
t e r m i n a l s  h a s  been cha rged  w i t h  l i q u i d  po ta s s ium and is 
undergoing  t h e  i n i t i a l  s t a g e s  of t h e  c o m p a t i b i l i t y  tes t  
p rocedure .  P r e l i m i n a r y  a n a l y s e s  a r e  p r e s e n t e d  fo r  
d i f f e r e n t  c o n f i g u r a t i o n s  of d i f f e r e n t i a l  p r e s s u r e  
t r a n s d u c e r s .  
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1.0 I n t r o d u c t i o n  
The  o b j e c t i v e  of t h i s  program is t o  deve lop  p r e s s u r e  
t r a n s d u c e r s  which can  be u s e d  i n  advanced c losed c y c l e  
power s y s t e m s  u s i n g  l i q u i d  metals  such  a s  mercury,  
sodium, po ta s s ium and o ther  a l k a l i  metals as  working 
and heat  t r a n s f e r  media a t  e l e v a t e d  t e m p e r a t u r e s .  
Accura t e  p r e s s u r e  measurements i n  t h e  h igh  t e m p e r a t u r e  
l i q u i d ,  vapor ,  and two phase  streams are  r e q u i r e d  for 
research, d e s i g n  and c o n t r o l  p u r p o s e s .  I n  a d d i t i o n ,  
space f l i g h t  r e q u i r e s  l i g h t  weight s y s t e m s  capable of ' 
e n d u r i n g  long  periods of u n a t t e n d e d  o p e r a t i o n .  
L i q u i d  metal p r e s s u r e  measurements a t  e l e v a t e d  tempera-  
t u r e s  pose many d e s i g n  problems demanding t h e  best from 
a v a i l a b l e  materials.  To e s t a b l i s h  a f i r m  d e s i g n  base 
fo r  t h e  t r a n s d u c e r  equipment,  f o u r  diaphragm m a t e r i a l s  
and t w o  t r a n s d u c e r  sys tems have been chosen  fo r  evalua: 
t i o n .  The selected t r a n s d u c e r  s y s t e m  u s i n g  a t h e r m i o n i c  
d iode  s e n s o r  w i l l  be developed for  u s e  a s  e i ther  ground 
or  f l i g h t  hardware f o r  measur ing  a b s o l u t e  and 
d i f f e r e n t i a l  p r e s s u r e s .  The a b s o l u t e  p r e s s u r e  i n s t r u -  
ment w i l l  be developed  for  a f u l l  scale  r a n g e  of 80 
ps ia  and t h e  d i f f e r e n t i a l  i n s t r u m e n t  f o r  f5 psid. 
1. 
2.0 Summary 
During t h e  r e p o r t  per iod,  emphasis was placed on 
t h e  f a b r i c a t i o n  of a n  e x p e r i m e n t a l  t r a n s d u c e r  
i n c o r p o r a t i n g  a t h e r m i o n i c  d i o d e  s e n s o r .  The main 
problem areas  i n v o l v e  t h e  e n c a p s u l a t e d  heater 
assembly and t h e  t echno logy  r e q u i r e d  t o  o b t a i n  
r e l i ab le  metal-ceramic s ea l s .  I n i t i a l  d i f f i c u l t i e s  
encountered  w i t h  t h e  e n c a p s u l a t e d  heater assembly 
have been a l l e v i a t e d  by t h e  i n t r o d u c t i o n  of a f l a t  
a l u m i n a  c o i l  form on which  t h e  heater is wound,and 
the u s e  of alumina i n s u l a t o r s  i n  t h e  c a s t i n g  c a v i t y  
t o  a v o i d  s h o r t i n g  of t h e  heater  t o  t h e  emitter hous- 
i ng .  P r e s e n t  p l a n s  a l so  c a l l  fo r  t h e  i n t r o d u c t i o n  o f  
a rhenium heater coup led  w i t h  rhenium heater power 
l e a d s  to improve h igh - t empera tu re  r e l i a b i l i t y .  
The p r e s s u r e - t e m p e r a t u r e  l i f e  tes t  o n  a sample metal- 
ceramic s e a l  p l anned  fo r  u s e  i n  t h e  t r a n s d u c e r  
d e s i g n  w a s  concluded  a f t e r  2400 h o u r s  a t  1800°F, t h e  
l as t  1000 hour s  of which  were a t  1000 p s i a  p r e s s u r i z a -  
t i o n .  The sample employed Lucalox/Nb-1Zr seals 
f a b r i c a t e d  by u s e  of a t u n g s t e d y t t r i a  m e t a l l i z i n g  
2. 
and a n icke l /n iobium/$i tan ium braze material .  T h i s  
t e c h n i q u e  is b e i n g  used i n  t h e  f a b r i c a t i o n  of  t h e  
e x p e r i m e n t a l  t r a n s d u c e r  d i s c u s s e d  above. E f f o r t s  
a re  be ing  made t o  o b t a i n  a meaningfu l  m e t a l l o g r a p h i c  
a n a l y s i s  of t h e  test  sample.  
C o n s t r u c t i o n  and i n i t i a l  check o u t  of t h e  po ta s s ium 
c o m p a t i b i l i t y  test  chamber was comple ted .  A comple te  
se t  of s i n g l e  c o n v o l u t i o n  p r e s s u r e  c a p s u l e s  and 
e lectr ical  t e r m i n a l s  h a s  been cha rged  w i t h  l i q u i d  
potass ium,  i n s t a l l e d  i n  t h e  c o m p a t i b i l i t y  test  
chamber and is undergoing t h e  i n i t i a l  s tages of t h e  
compa t ib i l i t y  t e s t  procedure .  I t  is planned  t o  
expose  t h e  tes t  c a p s u l e s  t o  l i q u i d  po ta s s ium a t  
1800'F ( co r re spond ing  t o  a po ta s s ium vapor  p r e s s u r e  
of abou t  80 p s i a )  for a series of f i v e  100 hour  
test  cycles. T h i s  w i l l  r e s u l t  i n  a t o t a l  o f  500 test 
hour s ,  a t  t h e  c o n c l u s i o n  of which t h e  test  c a p s u l e s  
w i l l  be examined fo r  p o s s i b l e  po ta s s ium a t t ack .  
P r e l i m i n a r y  a n a l y s e s  were performed on poss ib l e  
c o n f i g u r a t i o n s  for t h e  d i  fferential pressure 
transducers.  Resul ts  i n d i c a t e  t h e  f e a s i b i l i t y  of 
obtaining 0.001 inch motion of the  a c t i v e  collector 
of a thermionic d i o d e  s ensor .  Work has  s t a r t e d  o n  
the  des ign and assembly of a mock-up conf igurat ion  
to verify the results of t h e  a n a l y s i s .  
4. 
3.0 Thermionic  Diode P r e s s u r e  Transduce r  
A p r e l i m i n a r y  d e s i g n  for  a comple t e  p r e s s u r e  
t r a n s d u c e r  was p r e s e n t e d  i n  t h e  Four th  Q u a r t e r l y  
Report  (Reference  1).  The d e s i g n ,  i n c o r p o r a t i n g  a 
double  c o n v o l u t i o n  p r e s s u r e  c a p s u l e  and a t h e r m i o n i c  
d i o d e  s e n s o r ,  is shown i n  F i g u r e  1. Work on t h e  
f i r s t  e x p e r i m e n t a l  dev ice  has  c o n c e n t r a t e d  on t h e  
f a b r i c a t i o n  o f  t h e  e n c a p s u l a t e d  heater assembly,  t h e  
p r e p a r a t i o n  o f  i t s  ceramic base and t h e  development 
of t h e  metal-ceramic technology n e c e s s a r y  t o  o b t a i n  
t h e  r e q u i r e d  s e a l  i n t e g r i t y .  For  t h e  f i r s t  d e v i c e ,  
t h e  heater assembly w i l l  be mounted on its ceramic 
base, t h e  ce ramic  base w i l l  be brazed  i n t o  a Nb-1Zr 
s u p p o r t  p l a t e  and t h e  e n t i r e  a s sembly  w i l l  be 
i n s t a l l e d  i n  a micrometer head f i x t u r e  ( F i g u r e  9 ,  
Refe rence  2 ;  F i g u r e  15, Reference  3) which a l l o w s  
c o n t r o l l e d  movement of a s i m u l a t e d  a c t i v e  c o l l e c t o c  
I n i t i a l  e f f o r t s  t o  f a b r i c a t e  t h e  e n c a p s u l a t e d  heater 
assembly u t i l i z e d  a bare  t u n g s t e n  w i r e  of 0.003 i n c h  
d i a m e t e r  s p i r a l l y  wound on a 9.004 i n c h  d i ame te r  
5. 
mandre l .  The r e s u l t a n t  heater had  an o u t e r  diameter of 
0.010 i n c h  and a l e n g t h  of 0 .875  i nch .  The heater was 
th readed  t h r o u g h  a lumina  i n s u l a t i n g  t u b e s  and cast  
i n t o  t h e  molybdenum emitter hous ing  w i t h  a n  a lumina/  
b e r y l l i a  mix tu re .  The heater power leads were 0.010 
i n c h  d iameter  molybdenum w i r e  connec ted  t o  t h e  heater 
by plasma-spraying t h e  j o i n t  w i t h  t u n g s t e n  and 
embedding t h e  j o i n t  i n  t h e  c a s t i n g .  Three  d i f f i c u l t i e s  
were n o t i c e d  w i t h  t h i s  t e c h n i q u e .  
1. The t h r e a d i n g  of t h e  heater th rough  t h e  a lumina 
tubes t o  form a module s u i t a b l e  for  i n s e r t i o n  
i n t o  t h e  emitter hous ing  c a v i t y  proved t o  be a 
de l i ca t e  and time-consuming o p e r a t i o n .  
2.  Four or f i v e  s e p a r a t e  c a s t i n g  o p e r a t i o n s  were 
r e q u i r e d  t o  comple t e ly  f i l l  t h e  v o i d s  l e f t  
a f t e r  t h e  heater had been i n s e r t e d  i n t o  t h e  
c a v i t y .  I n  a d d i t i o n  t o  t h e  s p a c e  r ema in ing  
around t h e  heater ,  t h e  c a s t i n g  mater ia l  must 
a l s o  f i l l  t h e  v o i d  s p a c e  i n s i d e  the a lumina  
6. 
3. 
i n s u l a t i n g  t u b e s .  A f t e r  e a c h  c a s t  (3550°F), a 
c e r t a i n  amount of  motion was n o t i c e d  i n  t h e  
h e a t e r  w i r e ,  a p p a r e n t l y  due t o  s o f t e n i n g  of t h e  
alumina t u b e s  a t  t h e  c a s t i n g  t e m p e r a t u r e .  The 
w i r e  motion r e s u l t e d  i n  s h o r t i n g  of t h e  heater 
t o  t h e  emitter housing.  I n  t w o  i n s t a n c e s ,  large 
p o r t i o n s  of t h e  h e a t e r  were shor t ed  i n  t h i s  
manner, r e s u l t i n g  i n  t h e  loss of t h e  e n t i r e  
assembly.  
Mounting t h e  e n c a p s u l a t e d  heater assembly on its 
ceramic base  r e q u i r e s  t h a t  s h a r p  bends be made 
i n  t h e  molybdenum h e a t e r  power leads  s o  t h a t  
t h e  wires may be i n s e r t e d  i n  t h e  p r o p e r  holes  
i n  t h e  ceramic base. H o w e v e r ,  a f t e r  t h e  c a s t i n g  
o p e r a t i o n s ,  t h e  molybdenum w i r e s  become b r i t t l e  
and t h u s  s u b j e c t  t o  breakage d u r i n g  t h e  bending 
o p e r a t i o n ,  I n  t h i s  e v e n t ,  a 0 .010 i n c h  diameter 
t a n t a l u m  e x t e n s i o n  lead was welded t o  t h e  
molybdenum s t u b  and brought t h rough  t h e  ho les  
i n  t h e  ceramic base .  
7 .  
The t e c h n i q u e  now under development fo r  b u i l d i n g  the 
heater is des igned  t o  a l l e v i a t e  t h e  d i f f i c u l t i e s  
p r e s e n t e d  above .  The alumina i n s u l a t i n g  t u b e s  have  
been r e p l a c e d  by a f l a t  grooved alumina c o i l  form on 
which t h e  h e a t e r  w i r e  is wound. The v o i d  s p a c e s  
i n s i d e  t h e  t u b e s  a r e  t h e r e b y  e l i m i n a t e d .  To f u r t h e r  
e l i m i n a t e  v o i d s  i n  t h e  c a v i t y  and t o  p r e v e n t  t h e  
heater s h o r t i n g  t o  t h e  emitter hous ing  d u r i n g  t h e  
c a s t i n g ,  p i e c e s  of a lumina  a r e  p l a c e d  between t h e  
heater and t h e  w a l l s  on a l l  f o u r  s i d e s  and a t  t h e  
bottom of t h e  c a v i t y .  I n  a d d i t i o n ,  by minimiz ing  
t h e  v o i d s ,  a r e d u c t i o n  i n  the t o t a l  number of c a s t i n g  
o p e r a t i o n s  needed t o  f i l l  t h e  c a v i t y  was p o s s i b l e .  
The above d e s c r i b e d  heater assembly is  shown i n  
F igu res  2 and 3.  The bas ic  h e a t e r  assembly,  c o n s i s t -  
ing  of t h e  alumina c o i l  f o r m ,  t h e  bare t u n g s t e n  
heater  and t h e  molybdenum power leads,  is shown i n  
F igu re  2 .  T h i s  basic  hea te r  assembly is t h e n  
i n s e r t e d  i n  t h e  emitter hous ing  c a v i t y  a l o n g  w i t h  
t h e  a lumina i n s u l a t i n g  p l a t e s  ment ioned above.  
F igu re  3 s h o w s  t h i s  assembly p r i o r  t o  t h e  c a s t i n g  
8 .  
c 
c 
o p e r a t i o n .  The c a s t i n g  t empera tu re  (3550'F) p r o h i b i t s  
t h e  i n s t a l l a t i o n  of the ac tua l  emitters u n t i l  t h e  
c a s t i n g  is completed.  The c a v i t i e s  f o r  t h e  t w o  
emitters are shown i n  F igu re  3, 
The first t e s t  d e v i c e  was c o n s t r u c t e d  u s i n g  t h e  
heater  assembly of F i g u r e  3 i n  c o n j u n c t i o n  w i t h  t h e  
ceramic base shown i n  F i g u r e  4. The comple t e  
assembly ,  w i t h  t h e  N b - 1 Z r  s u p p o r t  p l a t e ,  is shown i n  
F i g u r e  5. Three  metal-ceramic j o i n t s  were used  i n  
t h e  
1. 
2 .  
3. 
comple te  assembly. These i n c l u d e :  
Mounting of t h e  e n c a p s u l a t e d  heater assembly 
(molybdenum) t o  t h e  Lucalox ceramic base, 
Mounting of t h e  N b - 1 Z r  s u p p o r t  p l a t e  t o  t h e  
Lucalox ceramic base  and 
Mounting of t h e  r e f e r e n c e  col lector  s u r f a c e  t o  
t h e  Lucalox ceramic base.  
A l l  t h e  above j o i n t s  must ,  of c o u r s e ,  m a i n t a i n  
mechan ica l  s t a b i l i t y .  I n  a d d i t i o n ,  j o i n i n g  o p e r a t i o n s  
(1) and (2) must t a k e  p l a c e  a t  a l o w  enough t e m p e r a t u r e  
9. 
(below 2300'F) t o  p reven t  damage t o  t h e  t he rmion ic  
emitters. The r e f e r e n c e  c o l l e c t o r  may be mounted 
a t  a h i g h e r  t e m p e r a t u r e  s i n c e  t h i s  o p e r a t i o n  takes  
p l a c e  p r i o r  t o  mounting of t h e  e n c a p s u l a t e d  heater 
assembly (see F i g u r e  4 ) .  For t h e  first test  a s s e m b l y ,  
t u n g s t e d y t t r i a  was used (1) as  t h e  m e t a l l i z i n g  
material  for t h e  p o s t s  on which  t h e  e n c a p s u l a t e d  
heater  assembly was brazed, (2 )  a s  t h e  m e t a l l i z i n g  
mater ia l  fo r  t h e  braze between t h e  ceramic base and 
i ts  N b - 1 Z r  s u p p o r t  p l a t e  and (3) t o  e s t a b l i s h  t h e  
r e f e r e n c e  c o l l e c t o r  s u r f a c e .  A n i cke l /n iob ium/  
t i t a n i u m  braze m a t e r i a l  was used t o  make b o t h  t h e  
heater  assembly/ceramic and t h e  ce ramic / suppor t  p l a t e  
. j o i n t s .  
The assembly of F i g u r e  5 was mounted o n  t h e  vacuum 
f l a n g e  equipped  w i t h  t h e  micrometer head ,  i n s t a l l e d  
i n  a chamber of t h e  Vacuum T e s t  F a c i l i t y  and baked-out 
t o  1800'F w i t h  a chamber p r e s s u r e  of 3 X 10-8 torr. 
A t  t h i s  p o i n t ,  t h e  e n c a p s u l a t e d  heater was e n e r g i z e d  
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and emitter a c t i v a t i o n  was begun. A f t e r  abou t  16 h o u r s  
of o p e r a t i o n ,  d u r i n g  w h i c h  t i m d  t h e  e m i s s i o n  c u r r e n t s  
from both emitters were c l o s e  t o  t h e  v a l u e s  p red ic t ed  
by space-charge t h e o r y ,  t h e  heater developed a n  open 
c i r c u i t .  P r e l i m i n a r y  examinat ion  i n d i c a t e d  t ha t  t h e  
open c i r c u i t  o c c u r r e d  i n  t h e  first heater t u r n  around 
t h e  alumina c o i l  form, which i n c l u d e s  one of t h e  plasma- 
sprayed j o i n t s .  
t h e  heater t o  de te rmine  exactl$ where t h e  f a i l u r e  
o c c u r r e d .  
E f f o r t s  a r e  be ing  made t o  disassemble 
P r e s e n t  p l a n s  c a l l  for t h e  u s e  of rhenium w i r e  i n s t e a d  
of t u n g s t e n  w i r e  t o  improve thei h igh - t empera tu re  
c h a r a c t e r i s t i c s  of t h e  h e a t e r  dnd its e x t e r n a l  leads. 
The u s e  of rhenium s h o u l d  b r i n g  about  t h e  f o l l o w i n g  
improvements. 
1. A rhenium/rhenium weld j o i n t  w i l l  replace the  
tungsten/molybdenum plasma-sprayed j o i n t  now i n  
use .  A s t r o n g e r ,  more s tab le  c o n n e c t i o n  s h o u l d  
r e s u l t .  
2. The improved d u c t i l i t y  of rhenium w i l l  minimize 
t h e  breakage  problem caused  by bending  t h e  
e x t e r n a l  heater l e a d s  a f t e r  c a s t i n g .  
11. 
At present, 0.010 inch diameter rhenium wire has been 
obtained and will be used for the external leads.  
12. 
L 
4 . 0  Metal-Ceramic Sea l  T e s t s  _- 
U The t h e r m i o n i c  d i o d e  p r e s s u r e  t r a n s d u c e r  r e q u i r e s  t h e  u s e  
of metal-ceramic seals  capable of m a i n t a i n i n g  vacuum 
i n t e g r i t y  under  h igh- tempera ture  c o n d i t i o n s .  I n  t h e  
e v e n t  of p r e s s u r e  c a p s u l e  f a i l u r e ,  t h e  metal-ceramic 
seals  must a l s o  be a b l e  t o  w i t h s t a n d  l i q u i d  metal 
a t t a c k .  A t  p r e s e n t ,  two approaches a r e  be ing  e v a l u a t e d ,  
both of which show promise of  be ing  s a t i s f a c t o r y  s e a l  
t e c h n i q u e s .  
1. A group of e lec t r i ca l  t e r m i n a l  c o n f i g u r a t i o n s  
( F i g u r e  13, Reference 2) was o b t a i n e d  for  
e v a l u a t i o n .  The t e r m i n a l s  employed Nb- lZy/  
Lucalox seals .  One of t h e  t e r m i n a l s  was 
s u b j e c t e d  t o  three c o n s e c u t i v e  t es t  cycles w i t h  
t h e  f o l l o w i n g  pa rame te r s .  
400 h o u r s ,  1800°F, 300 p s i a  e x t e r n a l  a rgon  p r e s s u r e  
400 hour s ,  1800°F, 600 p s i a  e x t e r n a l  a rgon  p r e s s u r e  
400 hours ,  1800°F, 1000 p s i a  e x t e r n a l  a rgon  p r e s s u r e  
N o  e l e c t r i c a l  o r  mechanical  f a i l u r e  was obse rved  
d u r i n g  t h e  c o u r s e  of t h e  t e s t  (Refe rence  3). 
13. 
2 .  
Four of t h e  group of t e r m i n a l s  were prepared 
fo r ,  and a t  p r e s e n t  are  undergoing ,  po ta s s ium 
c o m p a t i b i l i t y  t e s t i n g  (see S e c t i o n  5.0). 
A l i f e  test was performed t o  e v a l u a t e  t h e  metal- 
ceramic j o i n i n g  t e c h n i q u e  p r e s e n t l y  b e i n g  used  
t o  fabr ica te  t h e  i n i t i a l  t h e r m i o n i c  d i o d e  
p r e s s u r e  t r a n s d u c e r  models. The tes t  sample 
( F i g u r e  87,  Refe rence  l ) ,  as w i t h  t h e  e l ec t r i ca l  
t e r m i n a l s  mentioned above, c o n t a i n e d  Nb-1Zr/ 
Lucalox sea ls .  The Lucalox was metall ized w i t h  
a t u n g s t e n - y t t r i a  compound and a n i cke l /n iob ium/  
t i t a n i u m  braze material  was used .  The t es t  
s c h e d u l e  was as  fol lows,  
1000 h o u r s ,  1800°F, 500 p s i a  i n t e r n a l  a r g o n  p r e s s u r t ?  
100 h o u r s ,  1800°F, 600 p s i a  i n t e r n a l  a rgon  p r e s s u r e  
100 h o u r s ,  1800°F, 700 ps ia  i n t e r n a l  a rgon  p r e s s u r e  
100 hour s ,  1800°F, 800 ps i a  i n t e r n a l  a r g o n  p r e s s u r e  
100 h o u r s ,  1800°F, 900 p s i a  i n t e r n a l  a rgon  prcssurc, 
1000 h o u r s ,  1800°F, 1000 ps i a  i n t e r n a l  argon pressure 
14.  
c 
T h i s  test r e p r e s e n t s  a more s t r i n g e n t  e v a l u a t i o n  
t h a n  t h a t  performed o n  t h e  t e r m i n a l s  descr ibed  
above.  I n t e r n a l  p r e s s u r i z a t i o n  was used ,  
r e s u l t i n g  i n  t e n s i l e  stress on  t h e  seals.  
The e x t e r n a l  p r e s s u r i z a t i o n  appl ied  t o  t h e  
t e r m i n a l  c o n f i g u r a t i o n  produced compress ive  
stress components w h i c h  t ended  t o  m a i n t a i n  t h e  
sea l  i n t e g r i t y .  
The tes t  was t e r m i n a t e d  by a f a i l u r e  i n  t h e  weld 
between t h e  a rgon  p r e s s u r i z a t i o n  t u b i n g  ( N b - 1 Z r )  
and a N b - 1 Z r  d i s k ,  n o t  i n v o l v i n g  t h e  metal-ceramic 
j o i n t s  under  test .  No e lec t r i ca l  o r  mechan ica l  
f a i l u r e  was obse rved  d u r i n g  t h e  t es t .  E f f o r t s  a re  
b e i n g  made t o  o b t a i n  a meaningful  m e t a l l o g r a p h i c  
a n a l y s i s  of t h e  tes t  u n i t .  P r e s e n t  p l a n s  c a l l  for  
p r e p a r a t i o n  of test u n i t s  f o r  i n c l u s i o n  i n  t h e  
po ta s s ium c o m p a t i b i l i t y  test program. 
15. 
5 . 0  C o m p a t i b i l i t y  T e s t  Program 
The c o m p a t i b i l i t y  t es t  chamber, w i t h  its associated 
h e a t e r s ,  s h i e l d s  and c o o l i n g  w a t e r  co i l s ,  w a s  
completed and i n s t a l l e d  on i ts  vacuum s y s t e m  (100 
liters pe r  second i o n  t y p e  pump). I n i t i a l  t e s t i n g  
of t h e  h e a t e r s  and bake-out of t h e  chamber i n t e r n a l  
s u r f a c e s  were completed. The chamber t e m p e r a t u r e  
was moni tored  by t w o  thermocouples .  A t  1800°F, there 
was a d i f f e r e n c e  of less t h a n  5'F between t h e  read- 
ings of t h e  thermocouples .  A t  1800°F, a chamber 
p r e s s u r e  of 5 X low7 t o r r  was o b t a i n e d ;  a t  room 
tempera tu re ,  t h e  chamber p r e s s u r e  dropped t o  10-8 
t o r r .  F i g u r e  6 shows t h e  i n t e r n a l  components of t h e  
t e s t  chamber. F i g u r e  7 shows t h e  t e s t  chamber i n  
o p e r a t i o n  w i t h  i ts  vacuum s y s t e m .  
Four s i n g l e  c o n v o l u t i o n  test  c a p s u l e s  of C-l29Y, 
FS-85, T-222 and W-25 R e  a l loy  and one  t es t  c a p s u l e  
c o n t a i n i n g  f o u r  r e p r e s e n t a t i v e  e lectr ical  t e r m i n a l s  
have been charged w i t h  l i q u i d  p o t a s s i u m  and i n s t a l l e d  
i n  the c o m p a t i b i l i t y  test chamber. The t es t  c a p s u l e s  
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were suspended  i n  t h e  chamber from t h e  c a p s u l e  
s u p p o r t  p l a t e  shown i n  F igu re  6 .  
d e s i g n  c o n f i g u r a t i o n s  are  d e s c r i b e d  i n  t h e  T h i r d  
Q u a r t e r l y  Report ( F i g u r e s  54, 55 and 5 6 ,  Reference  3). 
F i g u r e  8 is a photograph of t h e  set  of completed 
test  c a p s u l e s .  
The test  c a p s u l e  
Chemical a n a l y s e s  have been o b t a i n e d  of t h e  
potassium used t o  fill t h e  f i v e  (5) t e s t  
c a p s u l e s .  Samples of t h e  potassium were cast i n  a 
s t a i n l e s s  steel t u b e  under  a vacuum of 5 X torr 
i n  an  e l e c t r o n  beam welding chamber, subsequen t  t o  
f i l l i n g  t h e  l a s t  c a p s u l e .  The potassium samples 
were ana lyzed  for oxygen by t h e  mercury amalgamation 
method (he l ium c o v e r  g a s )  and for metall ic i m p u r i t i e s  
by s p e c t r o g r a p h i c  t e c h n i q u e s .  The r e s u l t s  are a s  
follows: 
Oxygen as K2O: 3.4/7.6 ppm 
Metallic I m p u r i t i e s  i n  KC1: 
Ag, A l ,  Cb,  Co, C r ,  Cu, Fe ,  Mg, 
Hn, Mo, N i ,  Pb, Sn, T i ,  Z r :  less t h a n  1 ppm 
Ca: 1 ppm 
V: less t h a n  5 ppm 
Na, S i :  5 ppm 
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A t e s t  program has  been developed  t o  e v a l u a t e  t h e  
potass ium c o m p a t i b i l i t y  of t h e  f o u r  c a n d i d a t e  a l l o y s  
and t h e  metal-ceramic seals .  The program i n c l u d e s  
t h e  p r e p a r a t i o n  of t h e  test c a p s u l e s ,  t h e  ac tua l  
test p r o c e d u r e s ,  and post-mortem t e s t i n g .  The 
program is d e f i n e d  a s  follows. 
1. P r e p a r a t i o n  of T e s t  C a p s u l e s  
a .  Obta in  a chemica l  a n a l y s i s  of t h e  c a p s u l e  
materials. 
b. O b t a i n  a chemical a n a l y s i s  of potassium 
batch. 
c. F i l l  t h e  tes t  c a p s u l e s  w i t h  po ta s s ium and 
i d e n t i f y  t h e  c a p s u l e s .  
d. Weigh t h e  completed t es t  c a p s u l e s .  
2. T e s t  Procedure 
a .  I n s t a l l  t h e  tes t  c a p s u l e s  l h t o  t h e  
compa t ib i l i t y  test chamber. 
Raise test chamber t e m p e r a t u r e  t o  1800'F. 
A t  no t i m e  s h a l l  t h e  chamber p r e s s u r e  
exceed low5 torr . For chamber t e m p e r a t u r e s  
above 700°F, t h e  chamber p r e s s u r e  s h a l l  not  
exceed  5 x lo'' to r r .  
b. 
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C.  Ma in ta in  t es t  chamber t e m p e r a t u r e  a t  180OoF 
fo r  a per iod of 100 hours .  T h i s  w i l l  
e s tab l i sh  a potass ium vapor  p r e s s u r e  i n s i d e  
t h e  test c a p s u l e s  of abou t  80 psia .  After 
100 hours ,  b r i n g  t h e  test  chamber t o  room 
temperature . 
d. Per form 2.c above f i v e  times t o  accumula t e  
a t o t a l  of 500 hours  o p e r a t i o n  a t  1800°F. 
e. Remove t h e  test  c a p s u l e s  f r o m  t h e  test 
chamber . 





Weigh t h e  test c a p s u l e s .  
V i s u a l l y  i n s p e c t  t h e  test c a p s u l e s  for  
possible  f a i l u r e s .  
I x t r a c t  t h e  potass ium from t h e  test c a p s u l e s  
and perform a chemical a n a l y s i s  on t h e  
po ta s s ium.  
T e s t  t h e  c a p s u l e s  for leakage on a mass 
spectrometer. 
19. 
e .  Cut up, s e c t i o n  and perform m e t a l l o g r a p h i c  
examina t ion  of d iaphragms,  weld j o i n t s ,  
braze , j o i n t s  , ceramics, e tc  . 
f .  Perform chemical o r  microprobe  a n a l y s i s  O f  
any corroded l a y e r s  i n d i c a t e d  i n  3.e above. 
A t  p r e s e n t ,  t h e  f i v e  (5) test  c a p s u l e s  a re  s t a r t i n g  
t h e  second 100 hour  tes t  c y c l e  o u t l i n e d  i n  2 . c  and 
2.d above.  A t  t h e  c o n c l u s i o n  of t h e  f i r s t  100 hour  
t e s t  c y c l e ,  t h e  chamber p r e s s u r e  was 5 X 10-8 t o r r .  
Upon r e t u r n i n g  t h e  chamber t o  room t e m p e r a t u r e ,  t h e  
p r e s s u r e  dropped t o  6 X 10-10 torr. I t  is e x p e c t e d  
t h a t  t h e  t i m e  needed t o  ra ise  t h e  chamber t e m p e r a t u r e  
t o  1800'F, s u b j e c t  t o  t h e  p r e s s u r e  r e q u i r e m e n t s  01 
2.b above ,  w i l l  decrease a s  o p e r a t i n g  t i m e  a t  1800'F 
i s  accumulated.  The chamber p r e s s u r e  a t  1800'F 
should  a l s o  decrease f o r  each s u c c e s s i v e  100 hour  
tes t  cyc le  a s  t h e  chamber becomes more tho rough ly  
out -gassed .  
-- 
6 . 0  D i f f e r e n t i a l  P r e s s u r e  - Transducer  
P r e l i m i n a r y  a n a l y s e s  have been performed o n  three 
mechanica l  c o n f i g u r a t i o n s  f o r  t h e  d i f f e r e n t i a l  
p r e s s u r e  t r a n s d u c e r  (+5 p s i d ) .  F i g u r e  9 shows t h e  
three c o n f i g u r a t i o n s  schemat ica l ly .  Each c o n f i g u r a -  
t i o n  u t i l i z e s  t h e  d e f l e c t i o n  of a composite beam 
assembly c o n s i s t i n g  o f  (1) a n  o u t e r  t u b u l a r  beam 
member and (2)  a n  i n t e r n a l  beam member whose 
t e r m i n a t i o n  ac t s  as  the  a c t i v e  collector s u r f a c e  
fo r  t h e  t h e r m i o n i c  diode s e n s o r .  The o u t e r  beam 
member w i l l  be exposed to  t h e  l i q u i d  po ta s s ium 
environment .  A wal l  t h i c k n e s s  of 0.025 i n c h  has 
been assumed t o  be s u f f i c i e n t  for  l i q u i d  metal 
conta inment .  The i n t e r n a l  beam member w i l l  be sealed 
from t h e  l i q u i d  potass ium and connec ted  t o  t h e  vacuum 
environment  of t h e  the rmion ic  d iode  s e n s o r .  
The e n v i s i o n e d  d i f f e r e n t i a l  p r e s s u r e  t ransducer  is 
of t h e  same basic des ign  a s  shown i n  F i g u r e  1. For 
t h e  d i f f e r e n t i a l  pressure a p p l i c a t i o n ,  t h e  t h e r m i o n i c  
d iode  s e n s o r  w i l l  be removed from t h e  i n t e r i o r  of t h e  
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p r e s s u r e  c a p s u l e ,  i s o l a t e d  from t h e  p r e s s u r i z e d  
volumes, and p robab ly  embedded i n  t h e  c a p s u l e  hous- 
ing.  The p r e s s u r e s  P1 and P2, whose d i f f e r e n t i a l  
(P1 - P2) is t o  be mon i to red ,  are a p p l i e d  to t h e  
e x t e r n a l  and i n t e r n a l  s u r f a c e s ,  r e s p e c t i v e l y ,  o f  
t h e  p r e s s u r e  c a p s u l e .  The main c a p s u l e  hous ing  
i n n e r  diameter is assumed t o  be abou t  1.5 i n c h e s  
and the a c t i v e  collector s u r f a c e  e x t e n d s  0.375 i n c h  
beyond t h e  f i x e d  s u p p o r t  of t h e  o u t e r  beam member. 
For  Case I ( c a n t i l e v e r ,  end load) ,  t h e  d i s p l a c e m e n t  of 
t h e  p r e s s u r e  c a p s u l e  is t r a n s m i t t e d  d i r e c t l y  t o  t h e  can t i -  
l e v e r e d  end of t h e  o u t e r  beam member, e s t a b l i s h i n g  an 
end s lope el r e l a t i v e  t o  t h e  h o r i z o n t a l  p o s i t i o n .  
The d e f l e c t i o n  of t h e  a c t i v e  col lector  s u r f a c e  from 
e q u i l i b r i u m  therefore becomes ( 0 . 7 5  t 0.375) 6 1  
i n c h  less t h e  d e f l e c t i o n  of t h e  o u t e r  beam end.  For 
Case 11 (end c o u p l e ,  one  end f i x e d ,  one  end s u p p o r t e d ) ,  
t h e  p r e s s u r e  c a p s u l e  d i sp l acemen t  is t r a n s m i t t e d  
by a yoke a r rangement  a s  a c o u p l e  a c t i n g  o n  a 
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s u p p o r t e d  p i v o t  p o i n t  a t  one end of t h e  o u t e r  beam 
member. If t h e  end s l o p e  a t  t h e  s u p p o r t e d  p i v o t  
p o i n t  i s  @ 2 ,  t h e  ac t ive  c o l l e c t o r  d e f l e c t i o n  from 
e q u i l i b r i u m  becomes (1.5 + 0 . 3 7 5 ) 6 2  i n c h .  Case 111 
( c a n t  i l e v e r ,  combinat i o n  end load and end  c o u p l e )  
i n v o l v e s  t h e  removal of t h e  s u p p o r t e d  p i v o t  p o i n t  of 
Case 11, a l l o w i n g  free movement of t h e  o u t e r  beam 
member s u b j e c t  t o  t h e  s u p e r p o s i t i o n  of two a c t i o n s ;  
i .e.,  t h e  p r e s s u r e  c a p s u l e  d e f l e c t i o n  t r a n s m i t t e d  
by t h e  yoke arrangement  a s  (1) a n  end load and (2) an 
end coup le .  
The appl icable  r e l a t i o n s  a r e  as  follows (Refe rence  4).  
Case I ( c a n t i l e v e r ,  end  load )  
= w t 3  Y1 -
3EI 
Case I1 (end c o u p l e ,  one end f i x e d ,  one  end  s u p p o r t e d )  
e2 = 14T = Wt(2t)  = - Wt2 m 4EI 2EI (3) 
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Case I11 ( c a n t i l e v e r ,  combina t ion  end load and end 
coup le )  
Due t o  end load: 
* - WT2 = - 2Wt2 ft3L 
FI 
-
2 E I  
Y3L = - WT3 3 8Wt3 
3E I 3m- 
(4 )  
( 5 )  
Due t o  end coup le :  
8 3 ,  = - MT - Wt(2t)  = 2Wt2 
EX E 1  EI (6) 
Combining end load  and 
Y 3  = Y3L + y3c 
end c o u p l e  e f f e c t s  
- 0  ( 8 )  
= 2 ~ t 3  - 
3 E I  
I n  these e q u a t i o n s ,  t h e  s i g n  c o n v e n t i o n  employed is 
t h a t  end slopes and d e f l e c t i o n s  a r e  p o s i t i v e  when in 
t h e  upward d i r e c t i o n  ( d i r e c t i o n  of force W i n  F i g u r e  
9) a n d  
8, = t u b u l a r  o u t e r  beam end slope (Case I )  ( r a d i a n s )  
0 2  - t u b u l a r  o u t e r  beam end slope (Case 11) ( r a d i a n e )  
24.  
0 3  
y l  
t u b u l a r  OWer beam end s l o p e ( C a s e  111) ( r a d i a n s )  - t u b u l a r  outer  beam end d e f l e c t i o n  (Case I ) ( i n c h )  
y3 t u b u l a r  ou te r  beam end d e f l e c t i o n ( C a s e  I I I ) ( i n c h )  
W 5 f o r c e  exer ted by p r e s s u r e  c a p s u l e  on beam 
(assumed to be 1 pound) 
t = t u b u l a r  outer  beam l e n g t h  (Case I) ( 0 . 7 5  i n c h )  
T = t u b u l a r  o u t e r  beam l e n g t h ( C a s e s  I1 & III)(1.5 inch)  
M - moment produced by p r e s s u r e  c a p s u l e  (Cases I1 & 111) 
(Wt pound- inches)  
E - modulus of  t u b u l a r  outer beam material 
(assumed to be 30 x 106 p s i )  
I - moment 05 i n e r t i a  o f  t u b u l a r  ou ter  beam section 
= 0.049 (D - d4) i n c h 4  
D - outer  d i a m e t e r  o f  t u b u l a r  o u t e r  beam ( i n c h )  
d - i n n e r  d i a m e t e r  o f  t u b u l a r  outer  beam ( i n c h )  
The r e s u l t s  of t h e  p r e l i m i n a r y  a n a l y s i s  may be p r e s e n t e d  
as  f o l l o w s .  
T u b u l a r  outer  beam O.D. ( inch )  0.25 0.20 0.15 
I.D. ( inch )  0.20 0.15 0.10 
A c t i v e  collector d e f l e c t i o n  
(10-3 i n c h )  
Case I -0.052 -0.109 -0.294 
Case I1 0.155 0.328 0.884 
Case I11 0.083 0.175 0.472 
2 5 .  
The data show t h a t  Case I1 h o l d s  promise  of p r o v i d i n g  
a n  a c t i v e  collector d e f l e c t i o n  of 0.001 i n c h  for  
r e a s o n a b l y  s i z e d  t u b u l a r  beams. The v a l u e  of 0,001 i n c h  
f u l l  scale  d e f l e c t i o n  h a s  been found t o  r e s u l t  i n  a 
feasible  o u t p u t  for t h e  t h e r m i o n i c  d i o d e  s e n s o r  
(F igu re  83, Reference  4 ) .  The d i f f i c u l t i e s  i n h e r e n t  
i n  Case 11, which  r e q u i r e s  t h a t  t h e  s u p p o r t e d  p i v o t  
point be i n s i d e  t h e  main c a p s u l e  hous ing ,  make it  
mandatory t o  c o n c e n t r a t e  f u r t h e r  a n a l y s i s  on Cases I 
and 111, fo r  which t h e  f a b r i c a t i o n  r e q u i r e m e n t s  
would be f a r  less s t r i n g e n t .  Case 111 has t h e  f u r t h e r  
advantage  o f  p r o v i d i n g  a p u r e l y  v e r t i c a l  a c t i v e  
col lector  t r a v e l ,  s i n c e  
progress t o  fabr icate  a 
c o n f i g u r a t i o n  t o  v e r i f y  
26. 
e3 = 0. 
mock-up of t h e  Case I11 
t h e  r e s u l t s  of t h e  a n a l y s i s .  
Work is i n  
TWO 
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